The present study describes the role of different exogenous phytohormones, polyamines and sucrose on growth and rosmarinic acid (RA) production in whole plant culture of Solenostemon scutellarioides. It was further aimed to conserve elite clones via synthetic seed technology. S. scutellarioides was treated either singly or in combination with different phytohormones. Cultures incubated with NAA (0.5 mg L -1 ) yielded the highest RA accumulation (g -1FW ), but negatively affected the growth. So, overall RA content was insignificant. Cultures incubated with IBA, BAP and GA 3 at low concentration significantly improved growth and RA bioaccumulation. In the combinatorial study, IBA+BAP+GA 3 (0.5 mg L -1 each) was found optimum for plant biomass and RA production (65.2% improvement of total RA). Amongst polyamines, putrescine (1 mg L -1 ) exhibited 20.4% improvement of total RA content. The intracellular RA accumulation (g -1FW ) was significantly higher between 5 and 7% of sucrose concentrations. However, the total increase in RA content was inhibited due to deterioration of the culture with increasing sucrose concentration. Based on the effect of different treatments on growth and RA accumulation, a high yielding and stable plant line was selected for conservation via alginate encapsulation. Uniform shaped alginate coated synthetic seeds conserved up to 6 months exhibited high regeneration potential and RA content.
Rosmarinic acid (RA) is an ester of caffeic acid and 3,4-dihydroxyphenyllactic acid that has been reported to occur in several taxonomically unrelated families of the plant kingdom [1] . RA offers a multitude of biological activities, for example, antioxidant, antimicrobial, antiviral, anti-inflammatory, anti-allergy and antimicrobial [1] , which makes it a valuable product for the pharmaceutical and cosmetic industries [2] . The antioxidant activity of RA is stronger than that of vitamin E. RA helps to prevent cell damage caused by free radicals, thereby reducing the risk of cancer and atherosclerosis [3] . Besides pharmacological attributes, RA is also used for food preservation. The aforementioned qualities of RA have turned it into a useful commercial ingredient in nutritional supplement.
Solenostemon scutellarioides (L.) Codd (syn. Coleus blumei Benth.), a commercially important ornamental plant, contains a significant quantity of RA. In our previous report, a high frequency regeneration protocol of S. scutellarioides through a clonal propagation technique was established [4] . The level of RA accumulation has been found to be dependent on different media parameters, such as plant growth regulators and sucrose concentrations in callus and cell suspension culture of S. scutellarioides [5] [6] [7] . However, the effect of such media parameters on the RA accumulation was not described for whole plant cultures of in vitro regenerated S. scutellarioides, despite the whole plant producing RA. The present study aimed to scale up the RA content in in vitro derived whole plants of S. scutellarioides through medium manipulation. Application of synthetic seed technology offers entrapment of high yielding clones using an alginate matrix for sustainable management and recovery of products after certain periods of storage [8] . In this regard, the high RA yielding and phenotypically stable clone of S. scutellarioides was subjected to ex situ conservation through alginate encapsulation.
RA biosynthesis is associated with the metabolic processes associated with cellular growth and enlargement. Plant hormones regulate growth and regeneration of explants in cell culture. The present study showed the role of individual phytohormones on biomass and RA content (Table 1) . Auxins are important for stimulating plant growth and root development in plants. The requirement for exogenous auxins may be related to the lack of lateral root primordia in roots grown in auxin-free medium because of insufficient synthesis of endogenous plant hormones [9] . As reported elsewhere, the effects of exogenous auxins on the growth of cultures and metabolite accumulation differ with genotype, explant source, culture medium, and other factors [10] . In the present study, indole-3-acetic acid (IAA) at 0.5 mg L -1 caused slight improvement in plant biomass and RA content, but at higher concentration exerted a negative response through inhibition of plant growth. Indole-3-butyric acid (IBA) at 0.5 and 1 mg L -1 exhibited significant intracellular accumulation of RA with improvement in plant biomass, due to the increasing number of roots per plant. However, intracellular RA content and plant biomass gradually reduced with increasing concentration of IBA. IBA at 2.0 mg L -1 has been found to be detrimental for plant growth. 1-Naphtheleneacetic acid (NAA) at 0.5 mg L -1 exhibited the highest intracellular accumulation (g -1FW ) of RA, but was detrimental for plant growth, due to calcification.
Cytokinins are key growth regulators for axillary shoot formation and shoot differentiation [9] . Supportive literature suggested that the in vitro growth and secondary metabolite accumulation is influenced by the concentration of cytokinins in culture media [9, 11] . In the present study, the cytokinins, 6-benzylaminopurine (BAP) and kinetin (Kn), were tested at different concentrations for their effect on plant growth and RA accumulation. BAP (0. Values presented as mean ± SD, with different letters within a column indicating significant differences at the 0.05 level of RA with slight improvement (though insignificant) in plant biomass, resulting in significant improvement in the total quantity of RA. BAP at 0.5 mg L -1 assured the highest yield of total RA to almost 43.5% compared with the control culture at day 0. Kn was found to be unsuitable for improvement of intracellular RA content.
Gibberellic acid (GA 3 ) is best known for its role in elongation of axial organs, such as stems, petioles and inflorescences [9] . It also influences secondary metabolite accumulation in plant cell culture [9] . GA 3 , showed a positive effect on plant growth and RA accumulation with a total of 53.9% increase in RA content compared with the control culture at day 0. Combination between IBA and BAP at Values presented as mean ± SD, with different letters within a column indicating significant differences at the 0.05 level.
other concentrations was not found significant in terms of total RA production. Combination between IBA and GA 3 at any of the selected combination of doses was not found significant at any concentration. Combination of BAP and GA 3 , exhibited the highest yield of total RA of 65.2% compared with the control culture at day 0.
In plant cells, the diamines putrescine, spermidine and spermine constitute the major polyamines [12] . Similar to auxins, exogenous polyamines also stimulate growth and production of secondary metabolites in plant tissue cultures [12] . The effects of selected individual polyamines on biomass and RA content are shown in Table 3 ) caused significant improvement in intracellular RA content compared with the control. However, no significant increase in plant biomass was observed for any of the tested polyamines. Putrescine at 1.0 mg L -1 exhibited a total of 20.4% increase in RA yield compared with the control culture at day 0. Spermine at 0.5 mg L -1 caused a slight improvement in RA accumulation, while the overall effect of spermine remained insignificant. Values presented as mean ± SD, with different letters within a column indicating significant differences at the 0.05 level
The biosynthesis of RA by any of its plant cell producers is considerably affected by the concentration of sucrose added to the nutrient medium, but the sucrose concentration needed for obtaining the maximum yield of RA varies with species [5, 6, 13] . The results obtained in this study showed that sucrose at 3% was optimum for growth of in vitro S. scutellarioides (Table 4 ). Higher or lower concentrations of sucrose negatively affected the growth of the plant. An increase in sucrose concentration enhanced the viscosity of the medium, which led to deterioration in the mass exchange properties of the culture. The intracellular RA accumulation was found to be significantly higher between 5 and 7% of sucrose concentration compared with the control (3% sucrose) at day 10. However, the total increase in RA yield was insignificant or even negative due to deterioration of the culture with higher concentration of sucrose.
Ex situ conservation is nowadays an integral part of any successful conservation program [14] . It secures the availability of source material as well as genetic information. The bio-production of a metabolite is directly proportional to the biomass i.e. growth index of the plant. S, the optimum clone was chosen on the basis of total RA production. The alginate encapsulated synthetic seeds of nodal segments of the high yielding clone of in vitro derived S. scutellarioides were round to slightly oblong in shape. In our study, it was noticed that regeneration potency was maintained for up to 6 months of storage at 22±2°C in the dark. After 6 months, regeneration potential decreased. Re-establishment of the culture was successfully achieved and the RA content (up to 6 months of storage) was not decreased when compared with a non-encapsulated fresh culture (Figure 1 ). The protocol standardized for developing artificial seeds by encapsulation has industrial significance; high yielding clones could be stored for up to 6 months conserving high regeneration potential and RA content.
Our findings indicated that exogenous phytohormones, polyamines and sucrose affect the growth and RA production in whole plant cultures of S. scutellarioides. On the basis of the observed data with respect to intracellular RA quantity, the highest yielding and phenotypically stable clone of S. scutellarioides was subjected to ex situ conservation, which would be executed as an easy exchangeable and constant delivery system of source material of RA.
Experimental
Plant material: In vitro regenerated S. scutellarioides established in the Advanced Pharmacognosy Research Laboratory, Department of Pharmaceutical Technology, Jadavpur University, India, [12] was used as source material for this experiment. The nodal segments were excised from well maintained in vitro grown S. scutellarioides (clone S 21) and transferred to 250 mL Erlenmeyer flasks containing 50 mL solid MS medium (pH=5.6) fortified with 3% sucrose (Hi Media, India) and gelled with 0.8% Bacto agar (Himedia, India). The plants were allowed to grow for up to 6 weeks at 22±2°C and 16 h photoperiod (light intensity 100 μmol m -2 s -1
provided by cool white fluorescent tubes, Philips, India). After a pre cultivation period of 6 weeks, in vitro grown whole plants were subjected to this experiment.
Effect of media manipulation on RA content: The basal solid MS medium containing 3% sucrose (pH 5.6), supplemented with different phytohormones singly or in combination at different concentrations, was used to study the effect of exogenous hormones on intracellular RA content. The auxins: (IAA, IBA and NAA) cytokinins (BAP and Kn) and GA 3 were used. To study the effect of polyamines, the basal hormone free solid MS medium containing 3 % sucrose (pH 5.6) supplemented with different concentrations of polyamines viz. putrescine, spermidine, and spermine, were used to study the effect on intracellular RA accumulation. The basal hormone free solid MS medium (pH 5.6) containing different concentrations (2-7 %) of sucrose were used to study the effect of sucrose on intracellular RA accumulation. Six week old in vitro grown whole plants (~ 2.1 g) were transferred to the respective solid MS media containing different concentrations of test material and were allowed to grow for up to 10 days in pre-established conditions. An experimental set in hormone free solid MS medium containing 3% sucrose (pH 5.6) was maintained throughout as control. Three replicates were made for each experimental set.
Extraction and quantification of RA:
The plants were collected from the culture flask and the root portion washed properly with autoclaved distilled water for removing adhering agar. The plants were soaked on blotting paper and then immersed in liquid nitrogen and pulverized thoroughly with a pre-liquid nitrogen cooled mortar and pestle. The powdered plant tissues were extracted with methanol in an ultrasonic bath at 70°C for 20 min. The cellular residues were sedimented at 300 g for 10 min. The supernatant was separated and dried. The quantification of RA content (mg 100 g FW1 ) was achieved on a Dionex Ultimate 3000 HPLC system (Dionex, Germany), using a reverse phase C-18 column (250 x 4.6 mm, particle size 5µ) by Acclaim 120 (Germany) and an UV detector. Quantification was made using the protocol established in our laboratory [1] employing an isocratic solvent mixture comprised of methanol: water: o-phosphoric acid (49.5:50.0:0.5, v/v/v) with a flow rate of 1 mL/min and detected at 325 nm.
Encapsulation of S. scutellarioides:
High yielding, healthy and phenotypically stable clones (IBA + BAP + GA 3 treated clone at the dose of 0.5 mg L -1 each) were used for encapsulation. Selected clones were excised from young branches of the in vitro grown plants. The explants containing two buds with oppositely placed axils were used for the encapsulation. Encapsulation and preservation (22±2°C in dark) of clones were achieved according to the protocol already established by Bhattacharya et al. [14] . After encapsulation, the synthetic seeds were transferred to sterilized beakers (100 mL), moistened with 2 mL of sterile MS, and tightly sealed with 2 layers of Para Film to prevent desiccation, and stored in a laboratory refrigerator at 4°C for 1, 2, 4, 6 and 8 months.
Regeneration of plants from synthetic seeds: After each storage period, encapsulated and non-encapsulated nodal segments were placed onto semi-solid MS medium for regeneration. To test efficiency of regeneration potential, buds were taken out by rupturing the bead matrix and allowed to culture using the established regeneration protocol [4] . The plants were grown for 8 weeks to determine regeneration percentage, fresh biomass (g FW ) and RA content.
Data analysis: A randomized block design was used to set up all the experiments. Data were examined by analysis of variance (ANOVA) to detect significant differences between means and those differing significantly (p < 0.05) were compared using computerized GraphPad, InStat version 3.05, Graph pad software, USA. Variability in data was expressed as the mean ± standard deviation.
